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INTRODUCTION 

c 

This  r e p o r t  is  f o r  t h e  s i x  months per iod  from June 1, 1964 through 

December 1, 1964 on t h e  work done under NASA grant  N s G - 4 5 4 ,  Extension-1.  

The main t o p i c  of t h i s  g ran t  was t h e  development and a n a l y s i s  of a 

spacec ra f t  thermal c o n t r o l  system and t h i s  system has  been descr ibed  

completely i n  two previous  semi-annual r e p o r t s  t o  t h e  NASA organ iza t ion .  

I n  t h i s  r e p o r t  t h e  d iscuss ion  w i l l  be concerned mainly wi th  a t e s t  system 

which has been designed and cons t ruc ted  f o r  t e s t i n g  i h  t h e  thermal  space 

s imulator  a t  Goddard Space F l i g h t  Center .  I n  t h e  fol lowing material t h e  

cons t ruc t ion  of t h e  tes t  sec t ion ,  t h e  cons t ruc t ion  of t h e  t es t  system, 

t h e  t es t  system a n a l y s i s ,  and the p red ic t ed  r e s u l t s  from t h e  t es t  sec t ion  

w i l l  be descr ibed.  

. ___^ r__l _"?.I - 
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1. TEST SECTION CONSTRUCTION 

I n  order  t o  prove the  a n a l y t i c a l  r e s u l t s  ob ta ined  i n  the  previous 

i n v e s t i g a t i o n s ,  a t e s t  s e c t i o n  was designed fo r  a c t u a l  t e s t i n g  of t h e  

spacec ra f t  system i n  t h e  simulated outerspace  environment. The assumptions 

on which t h e  previous a n a l y s i s  was based and which had t o  be m e t  by t h e  

- 
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model were: (1) t h e  w a l l s  must b e  specu la r ly  r e f l e c t i n g  w a l l s ,  (2 )  t h e  

base  should be a d i f f u s e  white  ma te r i a l ,  and (3 )  t h e  f i n s  should be 

s t r a i g h t  a t  about 150%. From information obtained from the  &Fantor,  i t  

was determined t h a t  t h e  s i z e  of t he  tes t  system should be approximately 
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1 square foo t .  Therefore ,  a 1 square foo t  b r a s s  p l a t e  was chosen as t h e  

base  upon which t o  mount t he  f i n s .  The f i n s  were assumed i n  t h e  a n a l y s i s  

t o  be cons t ruc t ed  of a b i m e t a l l i c  material  which cons i s t ed  of a Invar  low- 

expansion s i d e  material  and a high-expansion s i d e  material which had 

manganese as  t h e  primary a l loy ing  ing red ien t .  These f i n s  were assumed 

t o  be 0.003 inch t h i c k  and f o r  the 1 square f o o t  p l a t e  s e c t i o n  it w a s  

decided the  f i n s  should be made two inches i n  length  wi th  a spacing of 

two inches between ad jacen t  f i n  l a y e r s .  The f i r s t  problem involved i n  

t h e  cons t ruc t ion  of t h e  t e s t  system was t o  shape the  ma te r i a l  i n  such 

a way t h a t  t h e  f i n s  would be s t r a i g h t  o r  v e r t i c a l  a t  approximately 150°F. 

A s  t he  m a t e r i a l  was de l ive red ,  it had only a s l i g h t  l ong i tud ina l  cu rva tu re  

and a s t rong  crossbow or  a curva ture  i n  t h e  two inch dimension of t h e  

material. 

t h i s  could be used t o  shape t h e  f i n s  but  r o l l i n g  d id  not produce t h e  

d e s i r e d  f i n  shape. Since r o l l i n g  d id  not  work, a method involving hea t  

t reatment  w a s  devised and t h i s  system was t h e  u l t ima te  system which was 

used i n  f i n  shaping. Bas i ca l ly  t h e  hea t  t rea tment  method c o n s i s t e d  of 

t h e  r i g i d  a p p l i c a t i o n  of the  f i n  m a t e r i a l  t o  a curved mandrel and then  

hea t  t r e a t i n g  t o  o b t a i n  t h e  proper curva ture .  Severa l  t r i a l s  a t  d i f f e r e n t  

temperatures  and wi th  d i f f e r e n t  mandrel shapes were made and t h e  f i n a l  

shape was obta ined  by wrapping the  s t r i p  t i g h t l y  around a p i ece  of tube  

wi th  an  ou te r  diameter of about t w o  inches and hea t ing  f o r  about two hours  

a t  370°F. This  r e s u l t e d  i n  approximately the  c o r r e c t  curva ture  i n  the  

long i tud ina l  d i r e c t i o n  o r  t h e  length of t h e  f i n  m a t e r i a l ;  however, t h e  

f i n  m a t e r i a l  s t i l l  had t h e  crossbow i n  it which had t o  be removed. Af te r  

c u t t i n g  t h e  f i n s  from t h e  long two-inch wide m a t e r i a l ,  t h e  f i n s  were 

I n i t i a l l y  a r o l l i n g  device was cons t ruc t ed  i n  the  hope t h a t  
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again  wrapped around about a two-inch diameter mandrel such t h a t  t h e  d i r e c t i o n  

of bending was oppos i te  t o  t h e  d i r e c t i o n  of t h e  crossbow and they  were then  

hea ted  i n  t h i s  p o s i t i o n  f o r  an  hour a t  250°F. 

r e s u l t e d  i n  a f i n  which had the c o r r e c t  curva ture  t o  be used on t h e  t es t  

su r face .  The completed f i n s  were c u t  i n t o  a two and a qua r t e r  inch  length  

and 3/16 of an inch  on one end was bent  backwards i n  order  t o  avoid t h e  

crossbowing e f f e c t  which develops as  t h e  temperature  of t h e  f i n s  i n c r e a s e s  

above t h e  ambient temperature.  Th i s  i s  shown i n  Figure 1 where a t y p i c a l  

f i n  wi th  t h e  upper end bent  backward i s  i l l u s t r a t e d .  I n  t h i s  case, 

These two hea t  t r ea tmen t s  

evaporated aluminum on 
manganese s i d e  

Figure 1 

' p y p i c a l  FTLn 

t h e  connotat ion of bent  backwards means t h a t  t h e  f i n  m a t e r i a l  was bent 

i n  t h e  d i r e c t i o n  towards the  Invar s i d e  or  low-expansion s i d e .  The 

f i n s  as  shown i n  F igure  2 have the  bend which they  normally would have 

a t  room temperature  which of course f o r  t h e s e  f i n s  i s  a r e l a t i v e l y  low 

temperature.  Af te r  bending the  3/16 inch s t r i p  back along t h e  top  of t h e  
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Figure  2 Tes t  System 

4 



c 

f i n ,  t h e  f i n  length  i s  2 1/16 inches of width of which the  l a s t  1/16 inch 

i s  used f o r  mounting. 

Previous i n v e s t i g a t i o n s  repor ted  i n  t h e  o ther  two progress  r e p o r t s  

i nd ica t ed  t h a t  t h e  r e f l e c t a n c e  of t h e  high-expansion s i d e  was not  a s  high 

as would be r equ i r ed  for t h e  s imulat ion of t h e  a n a l y s i s ;  t h e r e f o r e ,  t h e  

high-expansion or manganese s ide  of t h e  f i n s  was vacuum p l a t e d  wi th  a 

t h i n  layer  of aluminum. This  aluminum overcoat ing was t h i c k  enough t o  

be opaque and should r e s u l t  i n  e s s e n t i a l l y  the  r e f l e c t a n c e  of pure 

evaporated aluminum on the  high-expansion s i d e  or t he  s i d e  f ac ing  t h e  

grooves of t h e  spacecraf t  system. 

The base of t h e  spacecraf t  su r f ace ,  a one square foot  b r a s s  p l a t e  

about 1/8 of an inch t h i c k ,  was s l o t t e d  by a mi l l i ng  opera t ion  wi th  f i v e  

s l o t s  two inches apa r t  approximately 1/16 of an inch deep. 

constantan thermocouples were i n s t a l l e d  by d r i l l i n g  from t h e  back a s  

near t o  t h e  exposed su r face  as poss ib le .  The back of t h i s  p l a t e  was coated 

wi th  a h ighly  absorbing b lack  pa in t  s i n c e  it would r ece ive  energy from t h e  

hea te r  p l a t e s  by r a d i a t i o n .  The f r o n t  s i d e  of t h e  p l a t e ,  t h e  outer  or 

spacec ra f t  sur face  s i d e ,  was coated wi th  Cat-a-lac white  p a i n t ,  No. 463-1-500. 

C h a r a c t e r i s t i c s  f o r  t h i s  exact  pa in t  were not a v a i l a b l e ;  however, a s imi l a r  

pa in t  from t h e  same manufacturer had been examined experimental ly .  The 

c h a r a c t e r i s t i c s  of Cat-a-lac No. 463-1-8 which were used i n  the  a n a l y s i s  

a r e  shown i n  Figure 3. As can be seen from Figure 3 ,  t h i s  Cat-a-lac 

white  pa in t  has  a r e l a t i v e l y  low s o l a r  absorbtance and a high t e r r e s t r i a l  

emit tance.  However, i t  i s  not a s  good a s  some of t he  modern white  p a i n t s  

now a v a i l a b l e .  

assumed t h a t  t h e  white  base pa in t  was a d i f f u s e  su r face ;  however, t h e  

Then two i ron-  

I n  t h e  assumptions of t he  a n a l y s i s  f o r  t h i s  system, i t  was 
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Cat-a-lac whi te  pa in t  gave a s l i g h t  g l o s s  upon a p p l i c a t i o n .  

was used t o  remove t h i s  gloss, and it i s  assumed t h a t  t h i s  does no t  change 

t h e  r e f l e c t a n c e  of t h e  sur face .  Of course,  t h i s  i s  not  e x a c t l y  t r u e ;  however, 

t h e  p a i n t  was not  d i f f u s i n g  enough as app l i ed  t o  approximate t h e  cond i t ions  

of t h e  a n a l y t i c a l  work. Af te r  the  base  p l a t e  was prepared i n  t h i s  manner, 

t h e  f i n s  were placed i n  t h e  s l o t s  i n  the  b r a s s  p l a t e  i n  t h e i r  proper 

p o s i t i o n s ;  and then  a small amount of Eastman 910 adhesive w a s  allowed 

t o  flow i n t o  t h e  space between the  f i n s  and t h e  s l o t  edges. This  r e s u l t e d  

i n  a s t rong  bond between t h e  f i n s  and t h e  base  and i s  t h e  method suggested 

f o r  t h e  cons t ruc t ion  of spacecraf t  s u r f a c e s  of t h i s  type.  A p i c t u r e  of 

t h e  completed test su r face  i n s t a l l e d  i n  a p o r t i o n  of t h e  r equ i r ed  tes t  

Carefu l  sanding 

system i s  shown i n  Figure 2. A s  can  be seen,  t h e  procedure used i n  the  

cons t ruc t ion  of t h e  tes t  su r face  r e s u l t e d  i n  very  uniform cu rva tu re  f o r  

t h e  f i n s  and a system which would appear t o  be very  c l o s e  t o  the  system 

assumed i n  t h e  a n a l y t i c a l  work. 

CONSTRUCTION OF THE TEST SYSTEM 

The b a s i c  t es t  system is  shown i n  F igure  4. As can be seen from t h i s  

f i g u r e ,  t h e  tes t  system c o n s i s t s  p r imar i ly  of an  i n s u l a t e d  box t o  con ta in  

t h e  tes t  su r face  p l u s  a hea t  source t o  s imula te  t h e  i n t e r n a l  hea t  genera t ion  

of t h e  spacec ra f t .  Below the  heat source a s i n g l e  l aye r  of aluminum f o i l  

i s  used as p a r t  of a hea t  meter t o  determine the  energy t r a n s f e r r e d  from 

t h e  hea te r  p l a t e  through t h e  tes t  system o the r  than  through t h e  tes t  sur face .  

The hea t  source c o n s i s t s  of a piece of t r a n s i t e  a qua r t e r  of an  inch t h i c k ,  

one square foo t  i n  s i z e .  On t h e  p l a t e  i s  wound the  hea te r  element which i s  
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made of 30 gage Chrome1 A hea te r  wire. 

t h a t  approximately 40 w a t t s  could be d i s s i p a t e d  when a p o t e n t i a l  of 110 v o l t s  

i s  app l i ed  t o  the  hea ter  windings. 

upper f a c e  of t h e  t r a n s i t e  board and covered w i t h  Saure isen  e lec t r ica l  

cement. I n  order  t o  c o n t r o l  t h e  energy input  t o  t h e  tes t  su r face ,  t h e  

hea te r  temperature  w i l l  be  c w t r o l l e d  wi th  a p ropor t iona l  c o n t r o l l e r  based 

on the  temperature of t h e  p l a t e ,  A small bead thermis tor  temperature 

sensor was imbedded on t h e  upper s i d e  of t h e  p l a t e  and covered wi th  Saure isen  

cement. I n  order  t o  reduce t h e  amount of energy l o s t  from t h i s  p l a t e ,  t h e  

e n t i r e  lower s e c t i o n  of t h e  test  system cwsis t s  of r i g i d  polys tyrene  blocks 

covered wi th  aluminum f o i l .  

support  t h e  hea te r  assembly and the tes t  su r face  and t o  provide i n s u l a t i o n  

between t h e  heated s e c t i o n  and the  metal w a l l  conta iner  f o r  t h e  i n s u l a t i o n  

and tes t  sur face .  The metal w a l l  conta iner  c o n s i s t s  of two sepa ra t e  

con ta ine r s  w i th  t h e  r eg ion  between t h e  two con ta ine r s  f i l l e d  wi th  ve rmicu l i t e  

powder. By p lac ing  s u i t a b l e  spacers ,  t he  inner  and outer  metal  w a l l  con- 

t a i n e r s  a r e  thermal ly  i n s u l a t e d  away from each o the r .  The outer  su r f ace  

of t h e  metal w a l l  con ta ine r ,  t h a t  i s  t h e  ou t s ide  su r face ,  i s  covered wi th  

aluminum f o i l  cemented on wi th  contact  cement on a l l  su r f aces  except  f o r  

t he  su r face  presumed t o  be i r r a d i a t e d  by t h e  solar s imula tor .  Th i s  su r face  

i s  pa in ted  wi th  Cat-a- lac  white  pa in t  i n  order  t o  maintain a r e l a t i v e l y  

low temperature i n  t h i s  region.  

Th i s  r e s i s t a n c e  wire  was chosen such 

The hea te r  windings were placed on the  

The r i g i d  polys tyrene  blocks serve  both t o  

D i r e c t l y  below t h e  hea te r  plate  a s i n g l e  aluminum f o i l  shee t  i s  

mounted which se rves  as a hea t  meter. 

c o n s i s t s  of two s h e e t s  of aluminum f o i l  wi th  t h r e e  thermocouples connected 

i n  p a r a l l e l  sandwiched between the two p l a t e s ,  and t h e  two p l a t e s  are 

Th i s  aluminum f o i l  p l a t e  a c t u a l l y  

’> 
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jo ined  by contac t  cement. 

above a Styrofoam i n s u l a t i o n  block which i s  a l s o  covered wi th  aluminum f o i l ,  

The outer  sur face  of t h e  Styrofoam i n s u l a t o r  has i n s t a l l e d  i n  i t  a copper 

cons tan tan  thermocouple such tha t  t h e  t h e  temperature  of t h e  aluminum f o i l  

covering can be determined. I n  the  appara tus  b u i l t ,  t h e  spacing between 

t h e  aluminum f o i l  r a d i a t i o n  s h i e l d  and t h e  aluminum f o i l  Qn t h e  outer  

su r f ace  of t he  Styrofoam block is approximately one-half  inch, and t h e s e  

two p l a t e s  are approximately 1 square foo t  i n  s i z e .  Two p a r a l l e l  p l a t e s  

w i th  these  dimensions very  near ly  act  as two i n f i n i t e  p a r a l l e l  p l a t e s .  

For t h i s  reason,  t h e  two p a r a l l e l  p l a t e s  can be used a s  a hea t  meter. 

The b a s i c  idea of t h i s  hea t  meter i s  t h a t  t h e  t o t a l  energy passing i n  

t h i s  d i r e c t i o n  away from t h e  hea ter  p l a t e  w i l l  be approximately 10 per 

cent  of t h e  t o t a l  energy generated.  Therefore ,  even though t h e  exact  

emit tance of t h e  two p a r a l l e l  aluminum p l a t e s  i s  not  known, t h e  es t imated  

va lue  of t h e  emi t tances  w i l l  r e s u l t  i n  energy t r a n s f e r  r a t e s  which are  

perhaps + 10 per  cent  of t h e  10 per cent  which goes i n  t h i s  d i r e c t i o n .  

Since about 10 times more energy goes i n  t h e  d i r e c t i o n  through t h e  t es t  

s e c t i o n ,  an e r r o r  of 10 per  cent  i n  t h e  eva lua t ion  of t h e  energy pass ing  

downward from the  hea ter  p l a t e  w i l l  r e s u l t  i n  about a one per  cent  e r r o r  

i n  t h e  energy c a l c u l a t e d  as passing up from t h e  hea te r  p l a t e  through 

t h e  tes t  sec t ion .  

p l a t e  i s  e a s i l y  measured by e l e c t r i c a l  methods, t h e  amount of energy 

pass ing  upward through t h e  tes t  s e c t i o n  can  be determined with very  good 

accuracy us ing  t h i s  system. 

Th i s  aluminum f o i l  r a d i a t i o n  s h i e l d  i s  d i r e c t l y  

- 

Since the  t o t a l  energy being d i s s f p a t e d  by t h e  hea te r  

As a matter  of genera l  i n t e r e s t  i n  eva lua t ing  t h e  energy l o s s e s  

from t h e  e n t i r e  t es t  system, thermocouples are loca ted  i n  numerous p o s i t i o n s  
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around t h e  i n s u l a t i n g  wa l l s  i n  order t o  determine t h e  temperature d i f f e rences .  

It i s  hoped t h a t  t hese  temperatures can be used t o  prove t h e  a c t i o n  of t h e  

hea t  meter system. 

3.  THERMAL ANALYSIS OF THE ENTIRE TEST SYSTEM 

The tes t  u n i t  descr ibed  i n  t h e  previous s e c t i o n  was examined i n  

terms of t he  thermal l o s s e s  which could be expected f o r  t h e  p a r t i c u l a r  

geometry. This  was accomplished by examining a q u a r t e r  s e c t i o n  of t he  

t es t  system by means of an e l e c t r i c a l  analogy. I n  t h i s  analogy a thermal 

model of t he  q u a r t e r  s ec t ion  of t h e  tes t  system w a s  cons t ruc ted  us ing  t h e  

t y p i c a l  thermal conductance and thermal capac i tance  technique.  I n  t h e  

eva lua t ion  of t h e  conductance from the  va r ious  nodes, i t  w a s  necessary 

t o  use  r a d i a n t  conductances which are a func t ion  of t h e  temperature of 

t h e  node under cons ide ra t ion  and the  node t o  which it was r a d i a t i n g .  

v a r i a b l e  conductance procedure was not  immediately a v a i l a b l e  t o  use i n  

t h e  system of a n a l y s i s ,  t he re fo re  numerous approximations were made u n t i l  

the  conductance va lue  approached ve ry  c l o s e l y  t h e  a c t u a l  va lue  ind ica t ed .  

I n  t h e  a n a l y s i s  of t h e  thermal model t he  main items of i n t e r e s t  were: 

(1) t h e  thermal response t i m e  of t h e  e n t i r e  system, (2)  t h e  temperature 

d i s t r i b u t i o n  i n  t h e  system, and (3)  t h e  hea t  loss from t h e  s i d e s  and 

bottom of the  test u n i t .  The boundaries assumed f o r  t h e  test  system were 

a low environment temperature  of approximately -360 F and a near vacuum 

environment. With t h e s e  boundaries and t h e  thermal model it w a s  then  

poss ib l e  t o  undertake t h e  ana lys i s  of t h e  system. Th i s  w a s  done using 

a thermal analyzer  a v a i l a b l e  a t  Oklahoma S t a t e  Un ive r s i ty  which c o n s i s t s  

e s s e n t i a l l y  of e l e c t r i c a l  components which can be used t o  approximate 

Th i s  

0 
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t h e  thermal components. As a r e s u l t  6f t h i s  a n a l y s i s  it was found t h a t  

t h e  e n t i r e  t es t  u n i t  would have an approXimate response of 63 hours.  

t i m e  w a s  so long t h a t  i t  w a s  decided t h a t  t h e  thermal  equi l ibr ium cond i t ion  

could not  be obtained i n  a s imulator  tes t .  For t h i s  reason  t h e  hea t  meter, 

t h e  hea te r  p l a t e ,  and t h e  t e s t  s ec t ion  i t s e l f  are  t h e  only  items which are 

assumed t o  come t o  thermal equi l ibr ium. 

of a b r a s s  p l a t e  a s  i nd ica t ed  previously w i l l  have a response t i m e  of some- 

t h i n g  less than  one hour. Therefore  t h e  test procedures  w i l l  no t  r e q u i r e  

extremely long times. Since the hea t  meter works e n t i r e l y  by r a d i a t i v e  

exchange a n a l y s i s ,  i t  i s  not necessary f o r  a thermal  equi l ibr ium cond i t ion  

t o  be e s t a b l i s h e d  f o r  any of the  remainder of t h e  system; t h a t  i s ,  i n s t a n t -  

aneous readings  of hea t  l o s s  can be used when t h e  test  s e c t i o n  i t s e l f  or  

test  p l a t e  has  come t o  equi l ibr ium. As an i n d i c a t i o n  as t o  what type 

thermocouples t o  use,  t h e  s teady s t a t e  temperature  d i s t r i b u t i o n  wi th in  

t h e  system was a l s o  required.  These s teady  s ta te  temperatures  are l i s t e d  

i n  Table 1 following. The f i n a l  i t e m  which was r equ i r ed  from t h i s  a n a l y s i s  

w a s  t h e  determinat ion of t h e  heat loss from t h e  t e s t  u n i t  o r  t h e  energy 

loss i n  t h e  downward d i r e c t i o n  from t h e  hea te r  p l a t e ,  

w a s  accomplished, t h e  s i n g l e  aluminum r a d i a t i o n  s h i e l d  below t h e  hea ter  

p l a t e  was not  considered t o  be  i n  place.  Under t h e s e  cond i t ions ,  i t  

w a s  found t h a t  t h e  energy l o s s  i n  t h e  downward d i r e c t i o n  amounted t o  

approximately 5 Btu per hour. With t h e  hea t  s h i e l d  i n  p lace ,  i t  i s  

assumed t h a t  t h e  energy loss will be s l i g h t l y  less than  t h i s  amount. 

Th i s  

The tes t  s e c t i o n  which c o n s i s t s  

When t h e  a n a l y s i s  

The thermal a n a l y s i s  of the system involved estimates f o r  t h e  

p r o p e r t i e s  of t h e  va r ious  materials involved i n  t h e  tes t  u n i t .  The 

material  p r o p e r t i e s  used as estimates are l i s t e d  i n  Table  2. 
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TABLE I 

Node Locat ion  

Heater P l a t e  

STEADY STATE TEMPERATURE DISTRIBUTION 

I n s i d e  su r face  of Styrofoam 
Side wa 11 s 
Bottom walls 

Outside sur face  of Styrofoam 
Side wa l l s  
Bottom wal l s  

Outside su r face  of test  u n i t  
Side wa 11s 
Bottom w a l l s  

Chamber wa 1 Is 

Styrofoam 

Aluminum F o i l  

Trans it e 

Sheet Metal 

Vermicul i te  

Cat-a-lac White Pa in t  

Chamber Walls 

TABLE 2 

MATERIAL PROPERTIES 

k D 
Btu-in 

hr- f ta-I! 
lbm 
f t 3  
- 

0.2 2.0 
- - 
2.4 129.0 

300.0 487.0 

0.24 7.5 
- - 

0 
Temperature F 

150' 

-117 
-48 

- 123 
- 59 

- 126 
-65 

-360 

=P 
Btu 

lbm-F" 

.O. 25 
- 

0.2 

0.113 

0.45 
- 

c 

0.6 

0.05 
- 

0.7 
- 

0.9 

1.0 
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It should be noted t h a t  s eve ra l  of 

amount; t h a t  i s ,  the  exact  thermal 

t h e s e  va lues  could be o f f  by a cons iderable  

conduc t iv i ty  of both t h e  styrofoanl and 

t h e  ve rmicu l i t e  m a t e r i a l  a r e  s t r i c t l y  e s t ima tes .  More r ecen t  information 

i n d i c a t e s  t h a t  t h e  ve rmicu l i t e  thermal conduc t iv i ty  used i n  t h e  a n a l y s i s  

i s  q u i t e  high. 

loss from t h e  lower s i d e  of t h e  hea te r  p l a t e  w i l l  be even less than  5 

Btu per  hour as ind ica ted .  Of course any r educ t ion  i n  energy l o s s  from 

t h e  lower s i d e  of t he  p l a t e  r e s u l t s  i n  more accuracy i n  t h e  eva lua t ion  of 

t h e  energy leaving the  top s i d e  of t he  p l a t e  which i s  the  main i tem of 

i n t e r e s t  i n  the  t es t  system, 

For t h i s  reason  i t  i s  e n t i r e l y  p o s s i b l e  t h a t  t h e  energy 

A s  a r e s u l t  of t h e  thermal a n a l y s i s  i t  i s  now conceived t h a t  t h e  

t e s t i n g  i n  t h e  thermal s imulat ion w i l l  be a s  fol lows.  F i r s t ,  t h e  e n t i r e  

system w i l l  be mounted i n  the  s imulator  a t  t h e  proper so l a r -po la r  angle  

from t h e  s o l a r  s imulat ion.  

n i t rogen  i s  introduced i n t o  t h e  t e s t  chamber, t he  hea te r  c o n t r o l l e r  w i l l  

be a c t i v a t e d  r e s u l t i n g  i n  a c e r t a i n  amount of energy input  t o  the  tes t  

system. This  i s  necessary  i n  order  t o  avoid extremely low temperatures  

i n  r eg ions  where m a t e r i a l s  would f a i l .  Af te r  t h e  s imulator  has  been 

reduced i n  p re s su re  and i n  temperature,  it should r e q u i r e  approximately 

one hour f o r  t h e  t es t  p l a t e  t o  come t o  t h e  thermal equi l ibr ium va lue  

a t  which time t h e  temperature of t h e  Styrofoam w a l l  ad jacent  t o  t h e  

aluminum r a d i a t i o n  s h i e l d  would be measured. Also t h e  aluminum r a d i a t i o n  

s h i e l d  temperature  and base p l a t e  temperature  would be  recorded. The 

remainder of t h e  temperatures would be cont inuously recorded on mul t ipo in t  

r eco rde r s  a s  check va lues  t o  be used a f t e r  t h e  t e s t s  a r e  completed. 

t h e  time t h a t  t h e  t e s t  i s  taken t h e  temperatures  of t h e  w a l l  and t h e  

Before t h e  w a l l s  are cooled o r  before  t h e  l i q u i d  

A t  
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temperatures  i n  t h e  i n s u l a t i o n  ma te r i a l s  w i l l  not  be a t  equi l ibr ium. How- 

eve r ,  t h e  base p l a t e  i t s e l f  should be a t  equi l ibr ium and t h e  hea te r  w i l l  be  

maintained a t  equi l ibr ium by i t s  c o n t r o l l e r .  

r e s u l t  i n  energy measurements with l i t t l e  d i f f i c u l t y  a l lowing t h e  r e s u l t s  

of t h e  next  s e c t i o n  t o  be checked. 

These cond i t ions  then  w i l l  

4. PREDICTED RESULTS OF THE SIMULATOR TESTS 

The a n a l y s i s  work r equ i r ed  t o  p r e d i c t  t h e  temperatures  of t h e  p l a t e  

as cons t ruc ted  was c a r r i e d  out using t h e  mwochromatic r e f l e c t a n c e  of Cat- 

a - l a c  p a i n t  a s  shown i n  Figure 3. B a s i c a l l y  t h e  a n a l y s i s  r equ i r ed  i s  an 

a n a l y s i s  t o  determine the  temperature of t h e  base p l a t e  a s  a func t ion  of 

so l a r -po la r  angle  and energy input .  

t h e  f i n s  would a c t  as  i n f i n i t e  length  f i n s  which i s  be l ieved  t o  be t h e  

c l o s e s t  approximation t o  t h e  experimental  system, This  i s  t h e  case  because 

t h e  ends of t he  f i n s  a r e  enclosed below a sh ie ld ing  p l a t e .  The method 

used i n  p r e d i c t i n g  t h e  temperatures as a func t ion  of so l a r -po la r  angle  

and power input  a r e  b a s i c a l l y  descr ibed i n  t h e  previous two r e p o r t s  (1, 2 ) .  

As a r e s u l t  of t h i s  c a l c u l a t i o n  the  temperature  of t he  f i n s  as a func t ion  

of t h e  power input  and the  so l a r -po la r  angle  i s  obtained.  The r e s u l t s  

are  shown i n  F igure  5. 

t hen  w i l l  c o n s i s t  of determining t h e  energy flow out t o  t h e  p l a t e  

s e v e r a l  d i f f e r e n t  so l a r -po la r  angles  and t h e s e  va lues  can be used t o  

e n t e r  F igure  5 t o  o b t a i n  t h e  pred ic ted  temperature.  Since t h e  temperature  

of t h e  p l a t e  w i l l  be  measured, the  p red ic t ed  temperature  of t h e  p l a t e  as 

compared t o  t h e  measured temperature w i l l  r e s u l t  i n  t h e  r equ i r ed  comparison 

of t he  a n a l y t i c a l  and experimental  methods. It should be noted t h a t  t h e  

This  was c a r r i e d  out  assuming t h a t  

The procedure f o r  t e s t i n g  t h e  a n a l y t i c a l  r e s u l t s  

a t  
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PREDICTED TEST RESULTS 
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only  reg ion  i n  which t h e  a n a l y s i s  i s  c o r r e c t  i s  t h e  reg ion  around 145 0 F. 

Other r eg ions  w i l l  r e s u l t  i n  f i n  p o s i t i o n s  o the r  than  t h e  v e r t i c a l  p o s i t i o n  

a s sume d . 

5. CONCLUSION 

This  r e p o r t  c o n s i s t s  p r imar i ly  of a d e s c r i p t i o n  of t h e  tes t  system 

and t h e  tes t  s u r f a c e  t o  be used i n  t h e  eva lua t ion  of  t h e  a n a l y s i s  work 

done previous ly .  The only i t e m  i n  t h e  r e p o r t  which i s  unusual as f a r  a s  

t e s t i n g  procedures i s  concerned is  t h e  use of a r a d i a n t  hea t  meter r a t h e r  

than  t h e  usua l  conduction hea t  meter. I n  t h i s  p a r t i c u l a r  case ,  t he  energy 

t o  be measured by t h e  hea t  meter does not  c o n s i s t  of t h e  a c t u a l  energy of 

i n t e r e s t  but  r a t h e r  t h e  energy l o s s .  

es t imated  t o  be about 10 p e r  cent  of t h e  energy t o  be metered, t h e  accuracy 

of measurement of t h e  hea t  l o s s  i s  much less r e s t r i c t i v e  than  t h e  accuracy 

r equ i r ed  i f  t h e  a c t u a l  energy passing through the  t e s t  system i s  measured. 

Furthermore, t h e  use of t h e  r a d i a n t  type  hea t  meter al lows t h e  eva lua t ion  

of t h e  energy pass ing  through the  t e s t  system without wa i t ing  f o r  complete 

thermal equi l ibr ium cond i t ion  t o  occur;  t h a t  i s  i n  t h i s  case ,  a l o c a l  

thermal equ i l ib r ium of the  tes t  su r face  i t s e l f  w i l l  be s a t i s f a c t o r y .  

r e s u l t s  i n  t h e  t e s t  per iod  reduct ion  from about 60 hours t o  1 hour. 

Since t h e  energy l o s s  has  been 

Th i s  

It i s  expected t h a t  t h e  s imula t ion  tes t  on the  spacec ra f t  su r f ace  

w i l l  be completed wi th in  a few months a t  t h e  Goddard Space F l i g h t  Center.  

Af t e r  t h e  r e s u l t s  of t h e  tes ts  a r e  obtained,  t h e  experimental  r e s u l t s  can 

be compared wi th  t h e  a n a l y t i c a l  r e s u l t s  wi th  very  l i t t l e  e x t r a  e f f o r t .  

Assuming t h a t  t he  a n a l y t i c a l  r e s u l t s  a r e  v e r i f i e d  by t h e  experimental  

17 
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r e s u l t s ,  t h e  next  s i x  month per iod i n  t h e  g ran t  w i l l  be d i r e c t e d  towards 

t h e  r educ t ion  of t h e  a n a l y s i s  procedures t o  a design procedure. ,  A t  

p resent  i t  i s  hoped t h a t  t he  system can be analyzed using a s o l a r  absorp- 

t ance  and a t e r r e s t r i a l  emit tance va lue  r a t h e r  t han  having t o  go through 

t h e  t ime consuming monochromatic a n a l y s i s  as was done i n  t h e  previous 

sec t ion .  The approach us ing  a so l a r  absorptance terrestr ia l  emit tance 

va lue  has not  been success fu l  a t  present ;  however, it i s  poss ib l e  t h a t  

some empir ica l  procedure can be devised us ing  t h i s  b a s i c  idea .  It i s  

f u r t h e r  hoped t h a t  some method may be found by which t h e  spacec ra f t  

su r f ace  system can be flown on an a c t u a l  sa te l l i te .  

d iscussed  wi th  some NASA rep resen ta t ives ,  but  as y e t  nothing concre te  

has  been suggested,  

Th i s  has  been 
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